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CHARLES P. CARY, Vice President, 
State Superintendent of Public Instruction. 
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STAFF OF THE SURVEY 


ADMINISTRATION: 
Epwarp A. Birar, Director and Superintendent. In immediate 
charge of Natural History Division. 
FG. SAnrorp, Clerk. 


GEOLOGY DIVISION: 
T. C. CHAMBERLIN, Consulting Geologist, Pleistocene Geology. 
Wiit1am O. Horcuxiss. In charge, Economic Geology. 
SAMUEL WEIDMAN. In charge, Areal Geology. 
Epwarp B. Haun. Assistant, Areal Geology. 
FREDERICK T. THwaiTes. Assistant, Areal Geology. 
*Guy C. Cox. Assistant, Economic Geology. 
*LAWRENCE MArtTIN. Assistant, Physical Geography. 
*WREDERICK W. Hues, Assistant, Report on Peat. 


WATER POWER DIVISION: 
LEeonarD S. SmirH. In charge. 


HIGHWAY DIVISION: 
WittiAM O. HotcuxKiss. In charge. 
ARTHUR R. Hirst. Highway Engineer. 
Martin W. TorKELSON. Bridge Engineer. 
HERBERT J. KUELLING. Assistant Highway Engineer. 
WALTER C. Buetow. Assistant Bridge Engineer. 
WAYLAND C. WELLS. Clerk. 


NATURAL HISTORY DIVISION: 
CHancry JupAy. Lake Survey. In charge of field parties. 
GrorcGE WAGNER. Report on Fish. 
*Roy D. Hauu. Assistant, Lake Survey. 
*GrEORGE KEMMeERER. Assistant, Lake Survey. 
*MELVIN E. Diemer. Assistant, Lake Survey. 
*CHARLES T. VorHies. Assistant, Report on Fish. 
*Harttey H. T. Jackson. Assistant, Report on Fish. 
*Jnss G. Maxon. Assistant, Report on Fish. 


* Assistants employed during the field season of 1908. 


LETTER OF TRANSMITTAL, 


COMMISSIONERS OF THE WISCONSIN GEOLOGICAL AND NATURAL 
History Survey, Maprson. 


Office of the President. 
October 1, 1908. 
HonorRABLE JAMES O. Davipson, 
Governor of the State. 

Sir:—I have the honor to transmit herewith the report of 
Dr. E. A. Birge, Director and Superintendent of the Geological 
and Natural History Survey for the biennial period extending 
from July 1, 1906, to June 30, 1908, including also a general 
statement of the work performed by the Survey during the sum- 
mer and fall of 1908. During this period the regular appropria- 
tion for the Survey has been $10,000, and the legislature of 
1907 made a special appropriation of $10,000 annually for two 
years, to be devoted to the extension of the work on water pow- 
ers, Southwestern Wisconsin, and especially highways. The 
amount granted and the necessities of the last department were 
such that no money has been expended on water powers, and 
most of this appropriation has been devoted to highways. 

The Survey has continued its work in all departments, and 
has issued several important publications during the biennial pe- 
riod, which are described in the report of the Director. Irom 
the scientific point of view, the most important publication dur- 
ing the past two years has been the report on the geology of north 
central Wisconsin by Dr. Weidman. [rom the economic point 
of view, the most important bulletin is that by Professor L. S. 
Smith on the water powers of the State. A very large part of 
the funds of the Survey since the adjournment of the Legislature 
of 1907 have been devoted to the subject of roads. The efforts 
of the Survey in behalf of the roads of the State have included 
several branches. The most important of these have been educa- 
tional work carried on at special meetings, and particularly in 
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connection with the farmers’ institutes, work in the preparation 
of plans and specifications for bridges, and the building of ex- 
perimental roads. Much commendation is due to Mr. Hotchkiss 
and his associates in this department for the wisdom and the skill 
which they have shown, and for the large results which they have 
obtained from the comparative small fund at their ‘disposal. If 
the constitutional amendment, permitting state aid to roads, is ap- 
proved by the people in November, that result, so earnestly to 
be wished, will be in great part due to the efforts of this Survey, © 
which years ago began its work in behalf of the roads of Wiscon- 
sin. 

Of other matters mentioned in the Director’s report I will re- 
fer only to the work of the Survey upon lakes. The investiga- 
tions which are now nearly ready for publication have been car- 
ried on slowly, as is necessary with studies which are dealing 
with fundamental problems. They have already shown their 
practical value, however. One evidence of such is found in the 
fact that the United States Bureau of Fisheries has cordially 
coéperated with the Survey, aiding in the extension of these 
observations. 

The report of the Director shows that there still remain many 
matters of importance in which the Survey can profitably serve 
the State. The consciousness of the people has been recently 
awakened to the fact that the large resources accumulated by 
nature in the past have been drawn upon far more rapidly than 
they are renewed, and that future prosperity will depend on an 
intelligent, and even scientific utilization of these resources. The 
appointment by the Governor of a Commission on the Conserva- 
tion of the Natural Resources of Wisconsin is one evidence of 
this fact. The establishment of this Survey eleven years ago 
is, perhaps an even better evidence of this wisdom and foresight 
of the State, in making some, even though not wholly adequate, 
provision for the investigation of these resources. It is certain 
that in the future the value of the work of the type which this 
Survey has been and is carrying on will be more and more clearly 
seen. I believe it is certain that the State will demand its ex- 
tension into many new directions, and that large profit will come 
from this source to the commonwealth. 

Very respectfully yours, 
CHARLES R. Van Hise, 


President. 


REPORT OF THE DIRECTOR OF THE 
SURVEY. 


To the Commissioners of the Geological and Natural History Sur- 

OMe «| ‘ 

GENTLEMEN :—I submit herewith my sixth biennial report as 
Director and Superintendent of the Survey under your charge 
from July 1, 1906, to June 30, 1908. TI include also a statement 
of the work of the Survey during the summer of 1908; thus giv- 
ing an account of its operations up to the time when: the report 
goes to press. 

The regular income of the Survey during the biennial period 
has been $10,000 annually ; the same as during the period covered 
in the preceding report. By chapter 641 of the laws of 1907, 
the additional sum of $10,000 annually was appropriated for two 
years in order to carry on investigations regarding roads, water 
powers, and to extend the mapping of the lead and zinc district. 
The Survey also received aid to the amount of $500 in 1907 from 
the United States Bureau of [isheries, to assist in lake investiga- 
tions, and $250 in the same year from the Wisconsin Commis- 
sioners of Fisheries, to aid in defraying expenses of making a 
collection of Wisconsin fishes. These appropriations have been 
continued during 1908. 


I. PERSONNEL OF THE SURVEY. 


The following table shows the organization of the Survey, 
with the names of the persons who have been employed during 
the past two years. The amount of money paid to each person, 
including compensation and allowance for field expenses, is in- 
cluded in the report of the Secretary of State. 

Administration: 
Epwarp A. Brrekz, Superintendent and Director of the Survey. In 


immediate charge of Natural History Division. 
F. G. Sanrorp, Clerk. 
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Geology Division: 
T. C. CHAMBERLIN, Consulting Geologist, Pleistocene Geology. 
WittiamM O. HorcuxKiss, Geologist. In charge of Economic Geology 
and of Highway Division. Gave part time to Survey until 
* ‘July 1, 1907; full time since that date. 
SAMUEL WEIDMAN, Geologist. In charge of Areal Geology. 
Epwarp B. Hatz, Geologist. Assistant in Areal Geology. Km- 
ployed during field season of 1906 and year 1907-08. 
Field party, Southwestern Wisconsin; summer of 1907: 
Epwarp STEIDTMANN, Geologist. In charge. 
Daniet F. Hiacains, Geologist. 
CHARLES E. Decker, Geologist. 
FRANK F. Grout, Geologist. 
SrmpnEy 2. Davis, Levelman. 
Husert A. STECKER, Levelman. 
Epwarp C. StockER, Levelman. 
Ewatp O. StieHM, Rodman. . 
WILLIAM H. Hinn, Rodman. 
GEORGE P. SrockeER, Cook, etc. 


Highway Division: 

WittiAm O. HorcHKiss. In charge. 

ARTHUR R. Hirst, Highway Engineer. Employed since August 15, 
1907. 

Martin W. TorkKELSON, Bridge Engineer. Employed since Febru- 
ary 15, 1908. 

HERBERT J. KUELLING, Assistant Highway Engineer. HEmployed 
since May 5, 1908. 

WAYLAND C. WELLS, Clerk and Stenographer. 


Natural History Division: 

CHaNcEY JupAyY, Biologist. In charge of Lake Survey. Absent 
Oct., 1907, to July, 1998. 

GEORGE WAGNER, Biologist. In charge of Report on Fishes. Field 
work, done mainly in summer of 1907. 

Field Assistants, summer of 1906: _ 
RayMoND C. BENNER, Chemist. Lake Survey. 
CHARLES T. VoRHIES, Assistant. Fish Report. 

Field Assistants, summer of 1907: 
Roy D. Hatt, Chemist. Lake Survey. 
CHARLES T. Voruties, Assistant. Fish Report. 
GrorRGE KemMMerRER, Assistant. Lake Survey. 
Haru V. Hitxs, Assistant. Lake Survey. 


Water Power Division: 
Lronarp 8. SmirH, Engineer. In charge. Small amount of field 
work in biennial period. Report written and published. 


Besides the persons named above, others have been employed 
for special services and for short periods as stenographers, 
draftsmen, and in similar temporary capacities. 
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II. FInANcIAy STATEMENT. 


In the following table I have summarized the expenditures of 
the Survey according to departments, thus indicating the main di- 
rections in which the money appropriated by the State has been 
expended. The result is as follows: 


1906-07 1907-08 


PMOLLERUTLT SCL ALLO Meee tects cists vais fiw es chearnes $856.00 $1,092.03 
PRUE MCLE O OL Yams. icin = avd nite sGainis oly e wows ones 3,435.47 3,986.80 
Southwestern Wisconsin ............-ceece- OS O15 Blues Pedectce 
VALOR MECOWCLES i. ctihie cote te os disp leah onedee ne VAT Sel tel 2 are Me, 
PRP OMOM CEG EOLOLY wrieisicic stare eroiems «a av oboe euler 2,087 .35 2,635.40 
Peeve OLOL Verret toc 0.5 Sik a sete 2 Stln zt dive Pole 2,046.39 1,046.43 
ce eHmmCCLCTINISCE VY amet. tire ta nie giave o,a0e a eae sets wa oer otels 610.78 540.97 
LVGTO@ IRE GSTS LEN ILG 6s ey see ae ed eae eer a 481.64 267.91 
SHAGGY! clue ch RAR an 118.55 568.15 
$9,993.51 $10,137.69 
Water Powers (Chapter 475, Laws of 1905).. S26559 8 wl dota seer 
Roaismecnapter O41, Laws Of 1907).....02¢+  «sinseces $6,132.72 
Southwestern Wisconsin (Chapter 641, Laws 
SS MIE PIN So ie ek occ Bose este. 1h beh ate aye 2,587.43 


The expenses for administration include the Director’s salary, 
$500, the pay of the clerk, and expenses for stationery, postage, 
printing, freight and express, etc., which are not chargeable to 
special investigations. In each of the years covered by this re- 
port the Director spent the entire summer—about three months— 
in field, office, and laboratory work associated with the natural 
history investigations of the Survey. 

The sums as given in the statement above do not agree with 
the totals from the table furnished by the Secretary of State. 
The figures in my report refer to claims audited at this office 
' during the period covered by the report, and always include some 
claims at the close of the year not included by the Secretary of 
State, and omit at the opening of the year others included by him. 
The Secretary of State also includes in his report items paid 
from the general fund for printing and engraving. 
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III. Work oF THE SURVEY 


The report of the work of the Survey for the past biennial 
period naturally falls into two divisions: > 

1. The investigations carried on under the present permanent 
appropriation of the Survey. 

2. The new work made possible by the special appropriation 
granted by the legislature of 1907. 


1. A. The most important piece of work completed during the 
biennial period has been Dr. Weidman’s report on the Geology 
of North Central Wisconsin, and the extension of his survey to 
the northwestern part of the state. 

B. The field work for a report on the water powers of the 
state was finished in 1906 and the report by Professor L. S. Smith 
has been published. There still remain a number of important 
rivers to be surveyed. 

C. Investigations on the lakes have been continued and have 
been aided by a grant from the United States Bureau of Fisheries. 

D. The collection of fishes, to.serve as a basis of a report on 
Wisconsin fishes of economic value, has been continued, aided 
by a grant from the Wisconsin Commissioners of Fisheries. With 
the work of the season of 1908 collections have been made from 
all regions of the state sufficiently large to enable a beginning to 
be made on the study of the distribution of the fish. 


2. The most important items of work undertaken by means of 
the grant of the legislature of 1907 are: . 

E. The work of the Highway Division. This division, the 
largest and economically the most important division of the Sur- 
vey, has received by far the greatest part of the money appropri- 
ated by the state. The financial report shows that during the 
year 1907 more than $6,000 were spent on this division. In ad- 
dition, the salary of Mr. Hotchkiss, $2,500, ought also to be 
credited to this division, although paid from the regular appro- 
priation. The expenses of this division increased as the year 
advanced and a balance of some $1,300 was carried over from 
1907-08 to 1908-09. Within the two years covered by the ap- 
propriation the sum of nearly $20,000 will be spent on the roads. 

I’, During the summer of 1907 a field party was maintained in 


—— 
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Southwestern Wisconsin, enlarging the area mapped. The draw- 
ing of the maps was completed during the following winter and 
they are now in process of engraving. 

G. Under special investigations the most important is a report 
on the fossils of the Devonian formation of Milwaukee, by Pro- 
fessor H. F. Cleland of Williams College. The Survey bore the 
expense of preparing this report; the expense of the field work 
being borne by Professor Cleland. The report is now completed 
and ready for publication. 

H. During the present summer the Survey has carried on work 
in all of the permanent lines indicated above. The work of the 
Highway Division has been vigorously prosecuted. The field 
work on the areal geology has been carried on by Dr. Weidman 
with two field assistants: Mr. Hall and Mr. F. T. Thwaites, . Col- 


- lections of fish were made in the northwestern part of the state 


and in the Lake Superior region by Messrs. Vorhies, H. H. T. 
Jackson, and J. G. Maxon. The field work for the study of the 
Wisconsin lakes was completed by an investigation of the lakes 
of the northwestern part of the state by Messrs. Juday, Hall, 


Kemmerer, and M. E. Diemer. Professor L. Martin spent the 


summer in the study of the physical geography of the state, pri- 
marily to prepare a chapter on this subject for the general ac- 
count of the geology of Wisconsin. Mr. I. W. Huels carried on 
field work on the peat deposits of the state. The testing of the 
samples collected will be done by the United States Geological 
Survey. Mr. G. H. Cox carried on field work in the lead and 
zinc district of Southwestern Wisconsin, giving especial atten- 
tion to the problems associated with the origin and deposition of 
the ores. 

The following pages report the work of the Survey in greater 
detail: 

A. Areal Geology. The survey of the north central counties 
of the state by Dr. S. Weidman was completed in 1906, and the 
report on that district, Bulletin No. 16, a volume of 697 pages, 
entitled “The Geology of North Central Wisconsin,” was ready 
for distribution in September, 1907. The area described in this 
report, (see map page 14), includes Portage, Wood, Clark, Mara- 
thon, Lincoln, and Taylor Counties, with adjoining portions of 
Langlade, Price and Rusk Counties. The area has an approxti- 
mate extent of 7,200 square miles, about one-eighth of the state. 

A report of the north central counties, Bulletin No, 11, with 
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accompanying soil map was issued in 1903. Owing to the large 
demand for this soil report by those interested in the agriculture 
of northern Wisconsin, the first edition of this report, 6,000 cop- 
ies, was exhausted. A! second edition of the soil report, 3,000 
copies, was printed in September, 1908. & 

During the past four years the areal survey of the counties 
west of the north central part of the state has been in progress. 
This part of the state may be conveniently referrerd to as North- 
western Wisconsin. It includes (see sketch map) Eau Claire, 


Y 

Y 

ZG 

My 
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SURVEY IN PROGRESS 


Map showing location of North Central Wisconsin district. 


Chippewa, Rusk, Barron, Dunn, Pepin, Pierce, St. Croix, and 
Polk counties. It is planned to prepare reports on the soil and 
geology of this area similar to those of North Central Wisconsin 

During this season of 1905 Dr. Weidman was assisted in thie 
field survey of Northwestern Wisconsin by J. H. Warner and 
FE. B, Hall. About four months were spent in the field work and 
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parts of Rusk, Barron, Chippewa, and Eau Claire Counties, were 
surveyed. 

In 1906 Mr. Hall continued as assistant, and about six months 
were spent in the field. The remaining parts of Eau Claire and 
Barron Counties, and the whole of Dunn County were surveyed. 

In 1907 about six months were spent in the field by Dr. Weid- 
man and Mr. Hall, and the survey was mainly confined to Pierce 
and St. Croix Counties. 

During the present season of 1908 Pepin and Polk Counties 
were surveyed. Part of the season also was given to the final 
preparation of the soil map of the entire area. During 1908 
E. B. Hall and F. T. Thwaites assisted in the field work. 

During 1906 and 1907 an informal cooperation in the survey 
of the glacial formation was carried out with Mr. Frank Leverett 
of the U. S. Geological Survey. The survey of the glacial for- 
mation of the central part of the United States is under the gen- 
eral supervision of Prof. T. C. Chamberlin, who is also consult- 
ing geologist of the State Survey on glacial geology. The rela- 
tive positions of the glacial formation of Wisconsin with respect 
to similar formations in the adjoining states of [linois, Minne- 
sota and Iowa are not at present known, and it is planned to con- 
tinue cooperation until the correlation of the glacial formation 
can be determined. During the present year, 1908, there has 
been an informal cooperation with the Minnesota geologists, Pro- 
fessors Hall and Sardeson, in the survey of the formation along 
the Mississippi River. 

During the present field season of 1908 an informal coopera- 
tion has been carried out in the soil survey with Prof. A. R. 
Whitson of the University Agricultural Department. In this 
scheme of cooperation Prof. Whitson and assistants plan to make 
special investigation of the various soil formations as mapped 
by Dr. Weidman in the regular areal and soil work of the Sur- 
vey. In Prof. Whitson’s work emphasis is therefore laid on in- 
vestigations of the chemical and physical character of the vari- 
ous soil formations, especially those already opened up to agri- 
culture, their relative fertility and value for special crops, the 
best means of soil improvement, the conservation of the soil re- 
sources, and various other important agricultural problems re- 
lating to the soil. 

Soil reports of the northern half of the state, in view of the 
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large proportion of unsettled land in that part of the state, 
should, perhaps, be prepared with two principal objects or 
purposes in view. On the one hand the soil report and maps 
should be prepared for the prospective new settler, and for this 
purpose a brief report, with soil map, giving accurate and unprej- 
udiced information, the soil report of north central Wisconsin, 
No. 11, is amply sufficient. But, on the other hand, to the farmer 
already settled upon the land, information concerning the charac- 
ter, fertility, and conservation of his soil cannot be too detailed, 
and for him the soil report should be of greater length, and 
should deal with the special problems of agriculture which have 
already, or will shortly develop upon the particular soil forma- 
tions where he has made his farm. 

In making the soil survey of the northern half of the state, 
therefore, a formal cooperation in the areal geology and soil 
mapping of the Survey with the work in soil investigation by 
the University Agricultural College could wisely and conveni- 
ently be carried out. To aid in this important work, which is 
clearly a principal object for which the State Survey was organ- 
ized, additional funds for the areal and soil strvey are needed. 
At the present time funds for the areal geology are hardly suffi- 
cient for the survey of about two counties, 40 to 50 townships, 
per year. This work should be so increased that at least two or 
three times the present area can be covered each year. Even at 
this increased rate it would require at least five or six years to 
complete the soil map of the northern half of the state. 

B. Water Powers. The field work for the report on the water 
powers of the state, authorized by chapter 475 of the laws of 
1905, was completed in the first’ months of the biennial period 
covered by this report. On the completion of the field work 
Professor L. S. Smith began the preparation of the report, which 
was published in 1908 in a volume of 354 pages with 54 plates. 
This report gives a very full-and completely illustrated account 
of the water powers found in many of the most important rivers 
of the state. The report is unusually well presented and the facts 
regarding each river have been investigated and reported on with 
exceptional care. As stated in my last biennial report, the work 
has been done at much less expense than attended water powers 
surveys much less complete and satisfactory. The report has re- 
ceived great praise from all interested in this subject, both in 
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this state and from engineers without the state who have exam- 
ined it. 

Besides the report, Professor Smith prepared profile maps 
of the most important rivers of the state. These include the 
Wisconsin River, in 11 sheets; the Eau Claire River, 2 sheets; 
the Peshtigo River, 4 sheets; the Black River, 3 sheets; and the 
Flambeau River, 6 sheets. These have been published by the 
United States Geological Survey and can be obtained either from 
that Survey or from the Wisconsin Survey at a uniform price of 
five cents per sheet. 

C. Lakes. The study of the lakes has been continued along 
lines indicated in the Fifth Biennial Report, which gave an ac- 
count of the progress of the work up to the fall of 1906. Investi- 
gations were vigorously carried on during the year 1906-07 and 
until October, 1907, when Mr. Juday, the biological assistant, was 
given leave of absence until July, 1908, in order that he might visit 
biological laboratories in Europe. During his absence little work 
was done, as there was no one in the employ of the Survey who 
could continue it, and active operations were resumed again in 
July, 1908. Thus, with the exception of the months of Mr. Juday’s 
‘absence, field and laboratory work have been carried on continu- 
ously in this subject since the fall of 1904, and the material is now 
in hand for a report on the subject, which it is hoped will be writ- 
ten during the current year and published at once. 

Several principles and beliefs have underlain this part of the 
work of the Survey. It is believed that the numerous lakes of 
Wisconsin constitute one of the most important natural resources 
of the State,—a resource which at present is valuable, both as ad- 
ding food supply and especially as contributing to the wealth of 
the state through the attractions which they offer for summer visi- 
tors and for sport. It is believed also that a full knowledge of 
‘the fundamental conditions of life in these lakes is a matter of 
the first importance to a proper utilization of these resources and 
that the acquisition of this knowledge will make possible an in- 
crease in the value of this property to the State. This knowledge 
holds the same relation to the economic use of lakes as does that 
of soil physics and chemistry to the use of agricultural land. 
When the Survey began work stich knowledge was almost wholly 
lacking. European investigations were very scanty and fragmen- 
tary and very little had been done in this country, and that 
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consisted of scattered observations, chiefly made in connection 
with the study of water supplies. As these studies were almost 
wholly new, they have necessarily proceeded slowly, especially as 
the funds at the disposal of the Survey were small, and the work 
has suffered at least one long interruption for lack Gf money. 
During the earlier years of the Survey these studies were car- 
ried on by the Director alone, whose efforts aimed at finding out 
the temperature conditions of the lakes, which form, to a great 
degree, the key to the understanding of other facts which modify 
the conditions of lake life. A report on this subject was written 
several years ago but pressure of other matters has deferred its 
publication. With the fall of 1904, work was begun by Profes- 
sor Lenher of the Department of Chemistry in the University, 
under the supervision of the Director, on the dissolved gases of 
the lakes. Methods were worked out during the fall and winter 
and serious investigations were begun in the spring of 1905. 
With the return of Mr. Juday in August, 1905, the main labors 
of the investigation were committed to him. During 1905 and 
1906 the lakes of Southeastern Wisconsin, from Waupaca to 
Lake Geneva, were studied in the field. It soon appeared that 
these studies were revealing facts which profoundly affect the 
the kind and amount of life which various lakes can support, and 
some practical conclusions regarding the possibilities of fish life 
in the deeper water of lakes soon became apparent. The re- 
ports made of these studies to the members of the United States 
Bureau of Fisheries at Washington so interested them that the 
Bureau offered to cooperate with the Survey and aid it to carry 
on these studies on a larger scale. During the years 1907 and 
~1908 the Bureau of Fisheries has contributed $500 annually to 
the extension of the field work. In 1907 studies were made on 
the lakes of northeastern Wisconsin, and during 1908 on the 
lakes of the northwestern part of the state. Nearly sixty lakes 
were visited in each section during the month of August and 
the early part of September. Experience has shown that this is 
the critical period for lakes in respect to the possibilities of life 
in the deeper waters, as the oxygen content of the lower water is 
lowest at this time. The general history of the lake during the 
year can be inferred from obsrvations made in late sum- 
mer when this cycle has ‘been worked out during the entire year 
in.a considerable number of lakes which can serve as standards. 
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The Survey has thus brought material for a much more com- 
plete report on the fundamental conditions of life in lakes than 
has ever been collected before. The course of the investigations 
also has made it plain that the demands of the future are rather 
for a careful and consecutive study of the facts in single lakes 
carefully selected as types, than for more numerous observations 
scattered widely over different lakes. The importance of the 
facts which have been ascertained has become increasingly plain, 
and as would be expected, the difficulty and the complexity of the 
study have appeared also. The physical and chemical problems 
of lake biology are nearly as complex and difficult as are those 
of the soil and need to be studied by the same careful, patient, 
continuous and extensive methods. The report of the Survey 
will constitute an introduction to such work. It will sketch the 
general facts of the physical and chemical conditions of life in 
lakes, but it will suggest far more problems than it will be able 
to solve. 

During the biennial period four brief papers have been pub- 
lished relating to various points that have come out in connection 
_ with this work: 

On the Oxygen Dissolved in the Waters of Wisconsin Lakes, 
FE. A. Birge. Read at the 35th meeting of the American Fisher- 
ies Society, 1906. Published in their Transactions and in the re- 
report of the Wisconsin Commissioners of Fisheries for 1904-06. 

The Respiration of an Inland Lake, E. A. Birge. Address at 
the 36th meeting of the American Fisheries Society, 1907. 
Printed in their Transactions and in the Popular Science Monthly 
for April, 1908. 

On a Summer Resting Stage in the Development of Cyclops 

bicuspidatus Claus. E. A. Birge and Chancey Juday. 
Some Aquatic Invertebrates which live under Anaerobic Con- 
ditions, Chancey Juday. Both the last papers were published in 
the Transactions of the Wisconsin Academy of Sciences, Arts, 
and Letters. Vol. XVI, Pt. 1. 1908. 

Besides the Director and Mr. Juday, the following persons have 
been members of the regular parties which have carried on the 
field work of this investigation during the past two summers: 
Messrs. R. C. Benner, R. D. Hall, George Kemmerer, E. V. 
Hills, and M. E. Diemer. 

D. Fish. The collection of material for a report on the fishes 
of the state, commenced in 1905, has been continued. The 
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greater part of the season of 1906 was spent in the counties bor- 
dering on Lake Michigan, and on this lake itself. A short trip 
was also made into Florence County, and another into the re- 
gion around Minocqua. As a result of the experiences of this 
last trip, the entire season of 1907 was spent in and near Vilas 
County, and special attention was paid to the whitefishes and 
trout of this region. In consequence we now know definitely 
four Wisconsin Lakes which contain lake trout in large num- 
bers: Trout Lake, Little Trout Lake, and Black Oak Lake, all in 
Vilas County; and Long Lake, in Forest County. The evidence 
seems convincing that in all four lakes the trout are native. A 
comparison of chemical and physical conditions of them, as 
worked out by the Survey, ought, therefore, to be of particular 
interest. During the winter of 1907-8 the collections of white 
fishes made were carefully worked over. One fact definitely es- 
tablished was the occurrence of the tullibee (Argyrosomus tulli- 
bee) in several lakes of the state. This species is an excellent 
food fish, and seems to thrive under quite varying conditions. It 
seems therefore a promising form for introduction into such wa- 
ters as Lake Winnebago and Lake Pepin, where commercial fish- 
eries are important. The successful introduction of a whitefish 
into Lake Pepin would be an achievement of very great impor- 
tance. Otherwise our whitefish collections have proved rather 
puzzling. It is evident that we must secure large collections of 
well-preserved specimens from all Wisconsin lakes that contain 
whitefishes, before it is possible to decide what species occur, as 
the individual variations are so great. 

Part of our collections of whitefishes was sent to the Bureau 
of Tisheries at Washington for comparison, but it proved as 
puzzling to them as it did to us. 

The season of 1908 was started with work in the counties on 
the western side of the state, to be followed up by a collecting 
trip to the shores of Lake Superior. 

During the field seasons of 1906 and 1907 this work was in 
charge of Mr. George Wagner, assisted by Mr. Charles T. Vor- 
hies. 

Two short papers have been prepared and published by Mr. 
Wagner as a result of this work: Dissolved Oxygen as a Fac- 
tor in the Distribution of Fishes. Transactions Wisconsin Acad- 
emy Of Sciences, Arts and. Letters Vola XViIn Pin lo 1g0gse On 
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the Distribution of Argyrosomus tullibee. Fresented at the 
meeting of the American Visheries Society, Washington, Sep- 
tember, 1908. 

E. Highways. Shortly before the beginning of the period 
covered by this report Mr. Hotchkiss was appointed to take 
charge of economic geology, giving half his time to the Survey 
and half to the University. He took up the study of road con- 
ditions in the state and prepared a report on “Rural Highways 
of Wisconsin” which was very widely distributed. This report 
helped to stir up a great amount of public opinion in favor of 
better roads throughout the state. This aroused public opinion 
moved the legislature of 1907 to make a special appropriation 
for the economic work of the Survey. The bill as drawn pro- 
vided for work on the water powers of the state, work in the 
lead and zine district, and more particularly for work on coun- 
try roads. Owing to the fact that the sum finally appropriated 
was less than the amount provided for in the bill as introduced 
it became necessary to diminish the work planned for the lead 
and zinc district, and on water powers. 

Chapter 641 of the Laws of 1907 directs the Survey to carry 
on certain experimental and advisory work in relation to high- 
ways and bridges. In order to best carry out the provisions of 
this act the Highway Division was organized and Mr. Hotchkiss 
put in charge of the work with the title of Chief of Highway 
Division. Previous to the passage of this act Mr. Hotchkiss had 
been doing work in relation to highways and published in Janu- 
ary 1907 a bulletin on “Rural Highways of Wisconsin” (Bull. 
XVIII Economic Series No. 11). The bulletin is outlined in 
my last Biennial Report. 

In organizing the work of this division the services of Mr. 
Arthur R. Hirst were secured as Highway Engineer assistant, 
‘and later Mr. M. W. Torkelson was secured as bridge engineer 
assistant. 

The act was interpreted to provide for educational work in 
helping the people of the state to avoid the waste which is so ap- 
parent in most of the road work being done at present. In de- 
scribing the work of the highway division it will therefore be 
given under the three headings—Roads, Bridges and Educational. 

Roads. The work on roads has been both advisory and de- 
monstrational. In advising local authorities on how to get the 
best results for their money sixty-three localities in thirty dif- 
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ferent counties have been visited. These visits have only been 
made after an application was filed by the local authorities, and 
it has not been possible to visit all places applying. 

In the demonstration work the highway division has taken 
actual charge of the construction of roads built withvlocal funds 
in order to show the best methods to use. The division has been 
fortunate in securing the loan of steam road rollers and rock 
crushers from the manufacturers to use on the stone and gravel 
roads built under their supervision. During the season of 1908 
they have at work three rollers and one rock crusher which are 
loaned by the makers. Such demonstration roads were built at 
the State Fair, and near the village of Hanover in 1907, and in 
1908 the highway division has such roads either completed or 
under way near Baraboo, Lake Mills, Colfax, Kenosha, Tomah, 
three near Sparta, and several in Ashland county. Mr. H. J. 
Kuelling was appointed as temporary assistant for the summer 
of 1908. 

Surveys have been made for laying out new roads or for 
cutting down hills in many places where the highway division 
has not been able to take charge of the construction. 

This work, both the advisory and demonstrational parts, has 
resulted in a very noticeable improvement in methods of road 
construction in every place visited. The effort has been made 
to make all the steps in construction as plain and simple as pos- 
sible, and to arouse the interest of the people in getting better 
results for their money. 

Bridges. Very little bridge work was ‘attempted until the 
calls upon the highway division became very insistent in the late 
months of 1907. Mr, E. E. Parker was employed as temporary 
assistant and made a number of trips to get local data necessary 
to make the désigns and give the assistance called for. After a 
careful consideration of the question it was decided that much 
good could be accomplished by establishing standard designs and 
assisting local officials to get truly competitive bids. Under the 
system in vogue each bridge agent attending a letting usually had 
a plan of his own and the officers had no one who was not inter- 
ested in selling them a bridge to give them advice. The plan 
evolved was to prepare standard plans and specifications and let 
the local officers use these as a basis on which to call for sealed 
bids. These, being all on the same plans and specifications, could 
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be easily compared and the cheapest one selected. In short, the 
plan was to apply standard engineering methods to the letting 
of country highway bridges. 

Mr. M. W. Torkelson was secured by Mr. Hotchkiss for this 
work and later Mr. W. C. Buetow was appointed as his assist- 
ant. Mr. Torkelson has, with the assistant of Professor Tur- 
neaure, Mr. Hotchkiss and Mr. Hirst, prepared a set of standard 
bridge specifications. He has also prepared standard plans for 
concrete culverts and bridges from 3 feet to 30 feet span, and 
standard plans for steel bridges of rom 30 to 175 feet span. The 
series of plans is not complete as it has been impossible to make 
designs any faster than the new work demanded, so there are 
many gaps to be filled in as time permits. 

In carrying on the bridge work 102 bridge sites in 33 counties 
have been inspected and surveyed and plans furnished. This 
work has been very much appreciated by local authorities and 
more applications have been received than it has been possible to 
fill. Biosys iting 

Educational. In organizing the highway division Mr. Hotch- 
kiss considered that the most important part of the work would 
~ be educational. The people of the state are wasting hundreds of 
thousands of dollars of road taxes yearly, and the most helpful 
thing that could be attempted would be to arouse a general in- 
terest in the subject and so get more value for the money ex- 
pended. It was necessary to impress on them that they did not 
need to spend more money on roads so much as they needed to 
spend what they already had in an efficient manner. 

In pursuing this end Mr. Hirst was instructed to prepare four 
brief pamphlets on the following subjects: No. 1, Earth Roads; 
No. 2, The Earth Road Drag; No. 3, Stone and Gravel Roads; No. 
4, Culverts and Bridges. These pamphlets were very widely dis- 
‘tributed and stirred up a great amount of interest. They were 
written in very plain simple style and have attracted much favor- 
able comment from the engineering magazines. Requests have 
been received for them from every continent of the world ex- 
cept Europe, and good roads associations in other states have 
issued reprints of them. The pamphlets were distributed at all 
farmers’ institutes held during the winter of 1907-8 and at nu- 
merous other gatherings. They were sent to all town chairmen 
and rural carriers, the Postmaster General furnishing the ad- 
dress of all carriers for this purpose. Many of the carriers and 
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other interested persons have asked for copies to distribute to 
aid them in their efforts to arouse local interest in better roads. 

In carrying on this educational work Mr. Hotchkiss and Mr. 
Hirst have given talks at many gatherings. All the farmers’ in- 
stitutes, with a few unavoidable exceptions, were addressed and 
much interest manifested. Special Good Roads meetings or- 
ganized by Town Officers, Postmasters, Business Men’s Asso- 
ciations, County Boards, Editors, and cthers have been attended 
and practical talks given. Altogether 107 meetings aggregating 
nearly 20,000 people have been addressed. These meetings 
were distributed over 53 counties. 

As a result of these meetings and the pamphlets distributed 
there are many split log drags in use in the state. Several in- 
dividuals and associations (business men, fair boards, and oth- 
ers), have been influenced to offer prizes for the best roads 
built in their vicinity with the drag. 

Altogether the work of the highway division has reached 272 
localities and every county in the state but six. The work has 
not been limited by the demands made for assistance, as these 
demands have been have been more than the division has had 
time to meet; it has only been limited by the amount of money 
available for the purpose. 

In addition to the regular work of the highway division Mr. 
Hotchkiss organized the State Good Roads Association of which 
he is secretary. This association has collected funds to aid in 
securing the passage of the constitutional amendment to permit 
this state to aid in building roads, under a system similar to that 
adopted in most of the other progressive states. 

Mr. Hotchkiss has also given a free course in Road Building 
in connection with the correspondence department of the Uni- 
versity. This course has been taken by about 150 officers in 
charge of road work in the various towns and villages. 

I. Lead and Zine District. ‘When the money appropriated by 
chapter 641 of the Laws of 1907 became available Mr. Hotchkiss 
organized a field party to extend the work of the Survey over’ 
the new areas to which exploration had extended. In this work 
94 square miles were mapped on a scale of 4 inches to the mile 
with 10-foot contours. The maps are in the engravers hands 
and will soon be ready for issue. They give the depth below 
surface of the important ore bearing formations, and also the 
surface features such as roads, railroads, houses, streams, mine 
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and drilling operations, property holders’ names, and elevations 
of all hills. The areas covered are shown on the accomanying 
map. These areas were selected after consultation with Hon. J. 
W. Murphy and other prominent mining men, and are the ones 
most useful for the development of the district. ¢ 

The field party after its organization was put in charge of Mr. 
Edward Steidtmann. Under him were four topographer-geolo- 
gists, two level parties, and a cook, making a party of ten men. 
The party consisted of the following men: 

D. F. Higgins, Topographer and Geologist. 

C. E. Decker, Topographer and Geologist. 

F. F. Grout, Topographer and Geologist. 

Sidney H. Davis, Topographer and Geologist. 

Louis Davis, Levelman. 

H. A. Stecker, Levelman (part of season). 

Edward Stocker, Levelman (part of season). 

William Hinn, Rodman. 

E. O, Stiehm, Rodman. 

Geo. Stocker, Cook. 

Mr. Stecker obtained a permanent position during the summer 
and Edward Stocker was secured in his place. : 

Two important features of this work are its accuracy and its 
cheapness. All the level lines which controlled the topography 
were run in closed circuits which the levelmen were obliged to 
close with a very small error. Bench marks were set every quar- 
ter mile on which the topographers were required to check their 
barometers at least every two hours, and at shorter intervals 
as convenient. The barometers were also checked frequently 
by hand level observations. This care has resulted in very ac- 
curate maps. ; 

The cost of the work was $27.50 per square mile. This in- 
cludes both the field work and preparing the maps for the en- 
graver in the drafting room. The low cost of this work can be 
appreciated when it is remembered that these maps are on a scale 
of 4 inches to the mile and show both topography (with 10 foot 
contours) and geology, and that it costs the U. S. Government 
about $18 to map a square mile in a much more general way and 
on a scale of 1 inch to the mile showing no geology and the to- 
pography with 20 foot contours. 

Uses of the Maps. These maps are of use in two ways in 
the development of the resources of the districts covered. They 
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show to the prospector that certain areas are not likely to award 
his efforts, and so save him money. They also show that other 
parts of the district are good areas to prospect and so encourage 
their development. 

During the season of 1908 Mr. Hotchkiss has had Mr. G. H. 
Cox in the field keeping track of the advanced work and making 
a preliminary study of certain features of the geology in prep- 
aration for a complete report which he hopes to be able to be- 
gin later. 

H. Work of ro08; Peat. During the summer of 1908 Mr. 
Hotchkiss has continued the peat work which was begun in 
1903. Prof. Richter was given direct charge of the work and 
secured Mr. F. W. Huels to collect samples. The testing of 
these samples will be done under an informal plan of co-opera- 
tion with the U. S. Geological Survey. It is planned to issue a 
teport on the peat resources of the state at an early date. 

General Geology of the State. The only general treatise on 
the geology of Wisconsin is in the reports of the former survey 
made in 1873-79. These reports are not generally available 
and in many cases are superseded by more recent work so there 


“is need for a brief simple statement of what is already known of 


the geology of the state. Such a bulletin will be of great use as 
a reference book in high schools, and in general to all citizens 
who are interested in the resources of the state. Owing to this 
situation Mr. Hotchkiss has made plans for a bulletin of this 
character. It will contain chapters on the various phases of the 
geology of the state written by persons most familiar with each 
phase. The only part requiring any field work is that on Physi- 
cal Geography and Mr. Lawrence Martin “has put in the field 
season of 1908 doing field work in preparation for this. 


IV. PUBLICATIONS. 


At the time of the last biennial report four bulletins were in 
press and were issued during the year 1907. The complete titles 
of these bulletins are given in the list of publications at the close 


of this report. 


- Bulletin No. XV. Economic Series No. 10. The Clays of Wisconsin 


and Their Uses. Heinrich Ries. 

Bulletin No. XVI. Scientific Series No. 4. The Geology of North 
Central Wisconsin. Samuel Weidman. 

Bulletin No. XVII. Scientific Series No. 5. The Abandones Shore 
Lines of Eastern Wisconsin. J. W. Goldthwait, 
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Bulletin No. XVIII. Economic Series No. 11. Rural Highways of 
Wisconsin. William O. Hotchkiss, 
During the year 1908 two bulletins were issued: 
Bulletin No. XIX. Economic Series No. 12. Zine and Lead Deposits 
of the Upper Mississippi Valley. H. Foster Bain. 
Bulletin No, XX. Hconomic Series No. 13. The Water Powers of Wis- 
consin. Leonard S. Smith. 


Bulletin No. XIX is a reprint of Bulletin No. 294 of the United — 


States Geological Survey. A small edition only has been issued for 
local use and the bulletin has not been sent out to libraries. Bulletin 
No. XX has been described on a former page, under the head of Water 
Powers. 


Y. Future WorK OF THE SURVEY. 


The present year has seen a great advance in the forces work- 


ing toward the conservation and utilization of the natural re-— 


sources of the country. Very great aid was given to these forces 
by the recent conference of the governors of the several states, 
held at Washington, and, as a result of this conference, Wis- 
consin has appointed a Commission on the Conservation of Nat- 
ural Resources, of which the Director of this Survey is a mem- 
der. Much good will doubtless come from this Commission and 
large results may be expected from its work. But the State of 
Wisconsin is fortunate in that it appreciated a need for knowl- 
edge on the subject of natural resources long before there was a 
popular movement toward it. More than ten years ago the 
State established this Survey, by chapter 297 of the laws of 1897. 
The purposes of the Survey, as set forth in the law, were to 
collect and diffuse information about the natural resources of 
the state; animal, vegetable, and mineral. It was to consider 
the resources themselves; their extent; and the methods of pre- 
serving, utilizing and enlarging them. Ores, minerals, soils, for- 
ests, and fish are among the subjects committed to it by the stat- 
ute. It is further charged with the duty of preparing an account 
of the physical geography and natural history of the state in such 
form as can be used in schools; and of completing, in connection 
with the United States Geological Survey, a topographical map 
of the state. Later statutes, besides imposing other specific du- 
ties, have committed to the Survey the subjects of the roads and 
water powers of the state. 

Many of these topics have been treated by the Survey during 
the past decade. Its first bulletin was on the forest conditions in 
Northern Wisconsin, prepared by F. Roth in cooperation with 
the United States Department of Agriculture. Of the non-me- 
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_tallic mineral resources of the state the building stones have been 


treated’ by Dr. Buckley (Bulletin No. IV), and two reports, by 
Dr. Buckley and Professor Ries, (Bulletins Nos. VII and XV) 
have been issued on the clays. Under the head of economic 
geology, reports have been issued on the copper-bearing rocks 
of Douglas County, by Professor Grant (Bulletin No. VI), and 
three reports on the lead and zinc deposits; two (Bulletins Nos. 
IX and XIV) by Professor Grant, and one (Bulletin No. XIX) 
by Dr. Bain, issued in cooperation with the United States Geo- 
_ logical Survey. The Baraboo Iron-bearing district was treated 
by Dr. Weidman in Bulletin No. XIII. A report on the soils 
and agricultural conditions of North Central Wisconsin was is- 
sued (Bulletin No. XI) by Dr. Weidman, covering an area of 
some 7,200 square miles. Roads have been treated in two re- 
ports: one by Dr. Buckley (Bulletin No. X), dealing primarily 


_ with the city streets; and one by Mr. Hotchkiss (Bulletin No. 


XVIII). treating of the rural highways. Four road pamphlets 
have also been published by the Highway Division. A large part 
of the water powers of the state are treated in the report of Pro- 
fessor Smith (Bulletin No. XX), which hds just been issued. 
Thus of the twenty bulletins which the Survey has issued, 
thirteen have dealt directly with our present natural resources 
and the means of conserving and improving them. Part of the 
remainder have been reports which aim to complete the former 
geological survey of the state. Such are Weidman’s report on 
Pre-Cambrian geology (Bulletin No. III), and especially his 
large report on the geology of North Central Wisconsin (Bulle- 
tin No. XVI). This covers the same area as the soil report, and 
includes a district which was studied only very superficially, or 
not at all, by the former Geological Survey, since the region was 
then unsettled. Another report of the same type is that of Dr. 


Goldthwait (Bulletin No. XVII) on the glacial geology of the 


shores of Lake Michigan. 

The remaining bulletins have been papers on the physical geog- 
raphy and natural history of the state for the use of schools and 
the people. The first of these was Peckham’s invaluable paper 
on the solitary wasps (Bulletin No, Il), which was followed by 
Salisbury and Atwood’s report on the geography of the Devil’s 
Lake Region (Bulletin No. V) and by that of Fenneman on the 
lakes of Southeastern Wisconsin (Bulletin No. VIII). The last 
two named were especially adapted for use in the schools and 
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found so much favor that they are already out of print. The 
Survey has ready for the press a revised edition of Bulletin No. 
VII. 

Much still remains to be done in examining and reporting on 
those of our present natural resources which this Stirvey should | 
investigate. Some of the more prominent matters may be men- 
tioned. 

1. Water Powers. The water powers of the state require 
much more study. Many of the larger rivers are still unsut- 
veyed. Of these may be mentioned the St. Croix, the Upper 
Chippewa, the Upper Wisconsin, the Wolf, Oconto, Menomonee, ~ 
White, Bad, Trempealeau, and the La Crosse Rivers. Those 
rivers which have been surveyed need much more study. Just at 
the present time there is a pressing demand from the national 
government and from the Commission on Conservation for infor- 
mation regarding the water powers. No such data are at hand 
as are necessary for the information asked. Knowledge of the 
water powers is required in a completeness and detail which can 
be supplied only by years of work devoted to stream surveys 
and gaugings. There can be no doubt that the knowledge thus 
sought is not only valuable but necessary; yet the Legislature 
of 1907, though it dealt liberally with the Survey, cut down the 
appropriation asked for to such a point that the river survey 
could not be continued. Many of the facts now asked for could 
have been given had the Legislature thought it wise to give 
money enough to permit the rapid carrying on of this branch of 
the Survey. 

2. Southwestern Wisconsin. The lead and zinc district needs 
much more study. <A glance at the map on page 25 shows that 
the Survey has made topographical and geological maps of the 
‘more important regions where mining is now carried on. These 
scattered areas should be connected, and a map of the entire dis- 
trict should be published. Several years of field work will be 
necessary to complete this. This work should be done in ad- 
vance of exploration, to serve as a guide for the drill men in their 
search for ores, and not, as has been necessary in the past, al- 
lowed to wait until thousands of dollars have been spent in look- 
ing for ore in places where there was practically no chance of 
finding it. The Survey has been able to do very little thus far 
in the study of the ores and of their origin, and of the manner of 
their deposition. It cannot be doubted that such study would 
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lead to scientific results of much value, and also yield, as such 
work is sure to do, knowledge of great practical importance to 
prospectors, being helpful to them in developing new districts. 
3. Clays. While the clays of the state have been explored and 
reported upon, there is still work which could be done very profi- 
tably upon this subject. The nature of our clays renders it 
improbable that Wisconsin will become a rival of Pennsylvania 
in the value of its clay products; yet there is no doubt that care- 
ful and detailed study would show improved methods of using 
our clays, and that the value of their products may be greatly in- 
creased. This work demands, not a new survey of the clays, 
but consecutive study of the methods of manufacture, and their 
relation to the clays; so that methods may be improved, and also 
that new and more valuable uses may be found for the clays. 
4. Soils. A matter of even greater importance is that of the 
examination of the soils of the state, which is suggested on an 
earlier page, and which can well be carried on by the Survey 
in cooperation with the College of Agriculture of the University. 

I have pointed out that, with the funds at our disposal at pres- 
ent, this work proceeds only very slowly, much more slowly than 
“the interests of the State should permit. There should be such a 
sum devoted to this purpose as will allow the constant employ- 
ment of two or three men. That portion of the State which is 
coming into agricultural use should first be examined. There 
is an immediate necessity, also, for the examination of that re- 
gion which may be used as a forest reserve. It is a waste of 
our resources to employ for the purposes of forestry lands which 
are of greater value for agriculture, and it is equally unwise to 
attempt farm operations on lands which are unsuited for profit- 
able use except as forests. When it is remembered that that 
are thousands of square miles of land coming under these two 
heads, it must be plain that such a survey cannot be too promptly 
undertaken or too vigorously pressed. 

The extension of such a survey to the southern part of the 
State would serve different but equally important uses, in guid- 
ing the choice of crops, and suggesting the most profitable em- 
ployment of the soils already occupied by farmers. 

5. Natural History. The Survey ought to considerably ex- 
tend its work on the animals of the State, especially on the fish. 
The latter work should be carried on, and, if possible, with a 
larger force, as so many important matters still await solution; 
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but it should also be possible to appoint an assistant who could 
give his whole time to the preparation of a report on the fish of 
the state, especially those of the inland waters, dealing with their 
nature, their distribution, their habits, and their food. This 
would require several years, but it is important, and fully justi- 
fies the time expended upon it. ; 

6. Educational Bulletins. The preparation of educational 
bulletins is a branch ef the work which the Survey was directed 
to undertake, but to which it has been able to devote but little 
money. Two or, perhaps three such bulletins have been issued, 
all of which have been very successful. Those on Devils Lake . 
and on the lakes of the southeastern part of the State are now 
out of print, but the Survey has now in hand the manuscript for ~ 
a second edition of the last named. Work has-been started on 
a bulletin giving an account of the general geology of the State. 
This should be pushed to completion, and in addition the Survey 
ought to be able to extend its work so as to make a complete re- 
port upon the physical geography of Wisconsin. Few states of 
the Union, perhaps, offer larger opportunities for an instructive 
report on this subject, and the interests of education as well as 
_ of science would be greatly advanced by its preparation. 

%. Topography. In my last biennial report I referred to the 
necessity of beginning work on the preparation of a topographi- 
cal map of the state and shall make only brief reference to the 
matter at this place. The preparation of such a map is one of the 
duties committed to the Survey by the original law which created 
it; yet nothing has been done by the State in this direction, since 
pressing necessities of other branches of investigation gave them 
precedence. The United States Geological Survey has issued 
topographical maps covering the southern portion of the state, 
about as far north as Milwaukee, but this survey is no longer be- 
ing extended, nor is there reason to believe that much will be 
done until the State is ready to cooperate with the National Gov- 
ernment in the work. A topographical map is something whose 
necessity does not appear at once, nor does its need appear in any 
pressing form on any single occasion. In this respect it differs 
from such a survey as that of the lead and zinc district, where 
exploration is actively going on and maps are an imperative ne- 
cessity. Yet the experience of the several states which have pre- 
pared a topographic map is that its manifold uses abundantly 
pay for its cost. Such a map fornis a basis for all geological 
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work and is, as well, a necessity for studies leading to the con- 
servation of soils and swamp lands and of streams and forests. 
In addition, it possesses great educational value. The prepara- 
tion of a topographic map requires a good many years and it is 
all the more necessary that the work should be started at once. 

8. Roads. I have left to the last one of the most important 
matters to which the Survey can direct its attention, and one to 
which it has devoted nearly one-half of its income in the past 
two years; that of roads. I believe that all will agree that the 
Survey has wisely expended the money which the last Legisla- 
ture committed to it for roads, and that the interests of the State 
have been materially advanced by the expenditure of this com- 
paratively small sum. Plans for the future cannot be definitely 
suggested at this time, before the vote is taken on the constitu- 
tional amendment permitting state aid to roads. I trust and be- 
lieve that this amendment will be adopted, and that the roads of 
Wisconsin, whose condition is fundamental to so much of our 
prosperity, will, before many years, be pleced in a condition 
worthy of so great and wealthy a State. 

The Survey has been carefully considering what line of. action 
should be followed by the State, both in the event of the passage 
of the amendment and in that of its rejection. It is obviously 
not advisable to submit alternative recommendations at present, 
but the Survey will be ready to counsel at the proper time with 
those who will determine the policy of the State. 

B Very respectfully submitted, 
E. A. Brirce, 
Director. 


‘ 
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STATUTES OF- WISCONSIN RELATING TO. 


THE GEOLOGICAL AND NATURAL 
HISTORY SURV EY- 


CHAPTER 297, LAWS OF 1897. 


An Act to provide for the investigation of the natural resources of the 
state of Wisconsin, and providing an appropriation therefor. 


The people of the state of Wisconsin, represented in senate and as- 
sembly, do enact as follows: 


Srcrion 1. There is hereby constituted a geological and natural his- 
tory survey of the state of Wisconsin. 

Section 2. This survey shall have for its object: 

(1) The completion of the geological survey of the state, and es- 
pecially the ‘examination of the rocks, with reference to the occurrence 
of iron ores, building stones, and other valuable mineral products, 
and in reference to their value as material for road construction. 

(2) A study of the soils of the state. 

(3) A study of the plants of the state, and especially of the forests, 
with reference to their cultivation and preservation. 

(4) A study of the animal lire of the state, and especially the oc- 
currence, distribution and production of fish in the lakes and streams 
of the state, and a study of foods and enemies of fish. 

(5) The preparation of an account of the physical geography and 
natural history of the state, in such form as to serve as manuals for 
the public schools, and of special reports on subjects of economic im- 
portance, in such form as to be of direct service to the people. 

(6) The completion of the topographic map of the state begun by 
the United States Geological Survey; but no money shall be expended 
for topography unless an equivalent amount be expended for this pur- 
pose in the state by the United States government. 

SEcTION 8. This survey shall be governed by a board of commis- 
sioners, consisting of the governor of the state, the state superin- 
tendent of public instruction, the president of the state university, the 
president of the commissioners of fisheries, and the president of the 
Wisconsin academy of sciences, arts, and letters. The commission- 
ers shall meet within thirty days after the passage of this act, 
and organize as a commission and adopt by-laws for their government, 
not inconsistent with law, and shall meet at such time and places as 
they may prescribe. A majority shall be a quorum. They shall re. 
ceive no compensation, but each shall be reimbursed his expenses 
actually and necessarily incurred in the performance of his official 
duties, out of such appropriation as may be made by the legislature. 
They shall choose from their number a president, secretary, and such 
other officers as their by-laws may prescribe; but no officer shall re- 
ceive any compensation, except such as is herein provided for: The 
commissioners shall have general charge of the survey, and shall ap- 
point a superintendent of the survey, and, on his nomination, such 
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assistants and employes as they may deem necessary. They shall fix 
the compensation of all persons employed in the survey, and may re- 
-move them at pleasure. 

Secrion 4. It shall be the duty of the commissioners to prepare a 
_ report before the meeting of each legislature, showing the progress. 

and condition of the survey, giving an account of money spent to- 
gether with such other information as may be deemed necessary and 
useful. The superintendent shall transmit to the commissioners, from 
time to time, special reports, with necessary illustrations and maps, 
as these are completed. If approved by the commissioners, they shall 
be transmitted to the commissioners of public printing, who are 
authorized to have the reports published in a suitable manner, as in- 
dependent reports, as bulletins of the state university, or‘in the trans- 
actions of the Wisconsin academy of sciences, arts, and letters, as the 
commissioners of the survey deem best. If published as independent 
reports, it shall be the duty of the commissioners of public printing 
to decide as to the number of copies in the edition of each particular: 
report. Five copies of each report shall be delivered to each of the: 
state officers, and to each member of the legislature. The number of 
- copies provided by law for other public documents shall be furnished 
to the state historical society, the library of the state university, and 
other state institutions. The remainder of the independent reports: 
shall be distributed, used in exchange, or sold by the commissioners 
of the survey, as the interest of the state and of science demands. 
All moneys obtained by the sale of the report shall revert to the state 
treasury, aS a part of the general fund. Volumes obtained in ex- 
change for the reports shall be added to the library of the Wisconsin. 
academy of sciences, arts, and letters. The superintendent of public 
property shall furnish, upon the requisition of the president of the 
commissioners of the survey, such stationery and postage stamps. 
as may be necessary for the use of the commissioners and the superin- 
tendent of the survey in official business. 

Section 5. After material collected.shall have served for the pur- 
poses of the survey, it shall be distributed to the state university, 
the colleges of state, the state normal schools, and the free high 
schools of the state, under the approval of the commissioners of the 
survey, in such a manner as to be of the greatest advantage to educa- 
tion in the state. 

Section 6. There is hereby annually appropriated for two years to 
the commissioners of the geological and natural history survey, out 
of any: money in the treasury not otherwise appropriated, the sum of 
$5,000, the first appropriation to be paid in the current fiscal year. 

Srerion 7. This act shall take effect and be in force from and after 
ite passage and publication. 

Approved April 22, 1897. 


CHAPTER 168, LAWS OF 1899. 


An Act to appropriate a sum of money for the further prosecution of 
the geological and natural history survey of the state. 

The people of the state of Wisconsin, represented in senate and as- 
sembly, do enact as follows: 

Srecrion 1. There is hereby appropriated for the further prosecution 
of the geological and natural history survey, out of any money in the 
treasury not otherwise appropriated, the sum of ten thousand dollars. 
annually for the term of two years. This money shall be expended 
by the commissioners of said survey for the purpose of executing the 
duties assigned to them by chapter 297 of the laws of 1897. 

Section 2. This act shall take effect and be in force from and after 
its passage and publication. 

Approved April 12, 1899. 
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CHAPTER 375, LAWS OF 1901. 


An Act to appropriate a sum of money for the further prosecution of 
the geological and natural history survey of the state. ‘ 


The people of the state of Wisconsin, represented in senate and as- 
sembly, do enact as follows: 

Srcrion 1. There is hereby appropriated for the further prosecu- 
tion of the geological and natural history survey, out of any money 
in the treasury not otherwise appropriated, the sum of five thousand 
dollars annually. This money shall be expended by the commissioners 
of said survey for the purpose of executing the duties assigned to 
them by chapter 297 of the laws of 1897, and any other duties which 
may be assigned to them by the legislature. ge 

Srecrion 2. This act shall take effect and be in force from and after 
its passage and publication. 

Approved May 18, 1901. 


CHAPTER 176, LAWS OF 1903. 


An Act to appropriate money for the further prosecution of the geo- 
logical and natural history survey of the state. 


The people of the state of Wisconsin, represented in senate and as- 
sembly, do enact as follows: 


Appropriation of $5,000 additional. Srcrion 1. There is hereby ap- 
propriated for the further prosecution of the geological and natural 
history survey of the state, out of any moneys in the treasury not ~ 
otherwise appropriated, the sum of five thousand dollars annually, in 
addition to the sum now appropriated by law. This money shall be 
expended by the commissioners of said survey for the purpose of 
executing the duties assigned to them by chapter 297 of the laws of 
1897, and any other duties which may be assigned to them by the legis- 
lature, and especially for the investigation of the clays and clay in- 
dustries and the completion of the survey of the lead region. 

SEcTION 2. This act shall take effect and be in force from and after 
its passage and publication. 

Approved May 6, 1903. 


CHAPTER 475, LAWS OF 1905. 


An Act to provide for ascertaining the amount of available water 
power in this state and making an appropriation therefor. 


The people of the state of Wisconsin, represented in senate and as- 
sembly, do enact as follows: 


Section 1. The geological and natural history survey of the state 
of Wisconsin is directed to cause survey to be made of the water. 
powers of the state for the purpose of ascertaining the amount of 
available water power in this state, developed and undeveloped, and 
the location of the same. Such work may be done in conjunction with 
the United States geological survey. Upon the completion of such 
survey a full report thereof shall be made to the governor for the 
use of the legislature. The sum of two thousand five hundred dollars 
or so much thereof as may be necessary is hereby appropriated out of 
any money in the treasury not otherwise appropriated, to defray the 
expense of such survey. 

SEcTION 2. This act shall take effect-and be in force from and after 
its passage and publication. 

Approved June 20, 1905. 
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CHAPTER 641, LAWS OF 1907. 


An Act to create section 3921 of the statutes, assigning certain duties 
to the Wisconsin Geological and Natural History Survey, and mak- 
ing an appropriation therefor. 


a. 


§ The people of the state of Wisconsin, represented in senate and as- 


sembly, do enact as follows: 


‘SSrecrion 1. There is added to the statutes a new section to read: - 

Section 3921. 1. The Geological and Natural History Survey is di- 
rected to investigate and to carry on such experimental work in road 
‘building, different methods of construction, kinds of material, and 
systems of drainage as will enable it to determine upon the various 
methods of road construction best adapted to the various sections and 
soils of the state, the cost of the same and recommend standards for 
the construction of highways in the various sections of the state. It 
may be consulted by county, city, village or township officers having 


charge over highways and bridges, and shall when requested advise and 


give without charge information to such officers relative to the con- 


, 


struction, repairing, alteration and maintenance of said highways and 
bridges. 

2. Local road authorities are required to furnish the Geological and 
Natural History Survey data as to the mileage, cost, maintenance, con- 
dition and character of roads under their supervision, upon the written 
request of and on blank forms supplied by said Geological and Natural 
History Survey. : 

3. Said Geological and Natural History Survey is further directed 
to extend the survey of the lead and zine region beginning with dis- 
tricts which are at present of greatest economic importance. 

4. Said Geological and Natural History Survey is further directed 
to continue the survey of the water powers of the state. This last 
survey may be made in conjunction with the United States Geological 
Survey. 

5. Upon completion of the work named, full reports shall be made 
to the governor for the use of the legislature. The sum of ten thousand 
dollars annually for two years is hereby appropriated to defray the 
expense of executing these duties or other duties assigned to the said 
survey by the legislature. 


42 GROLOGICAL AND NATURAL HisTORY SURVEY. 
PUBLICATIONS * 
OF THE 


Wisconsin Geological and Natural History Survey. 


1. BULLETINS. 


The publications of the Survey are issued as (1) bulletins, which are 
numbered consecutively, (2) road pamphlets, (3) biennial reports, and — 
(4) hydrographic maps. These publications are independently paged 
and indexed, no attempt being made to group them in volumes. 


1. BULLETINS. 


The bulletins are issued in three series: 

Scientific Series—The bulletins so designated consist of original con- 
tributions to the geology and natural history of the state, which are of 
scientific interest rather than of economic importance. - 

Economic Series.—This series includes those bulletins whose interest 
is chiefly practical and economic. 

Educational Series—The bulletins of this series are brine de- 
signed for use by teachers and in-the schools. 

The following bulletins have been issued: 


Bulletin No. I. -Economic Series No. 1. . 


On the Forestry Conditions of Northern Wisconsin. Filibert Roth, 
Special Agent, United States Department of Agriculture. 1898. Pp. vi, 
78; 1 map. Out of print. 


Bulletin No. II. Scientific Series No. 1. 


On the Instincts and Habits of the Solitary Wasps. George W. Peck- 
ham and Elizabeth G. Peckham. 1898. Pp. iv, 241; 14 plates, of 
which 2 are colored; 2 figures in the text. Sold at the price of $1.50 in 
paper and $2.00 bound. 


Bulletin No. Ill. Scientific Series No. 2. 


A Contribution to the Geology of the Pre-Cambrian Igneous Rocks of 
the Fox River Valley, Wisconsin. Samuel Weidman, Ph. D., Assistant 
Geologist, Wisconsin Geological and Natural History Survey. 1898. 
Pp. iv, 63; 10 plates; 13 figures in the text. Owt of print. 


Bulletin No. IV. Economic Series No. 2. 


On the Building and Ornamental Stones of Wisconsin. Ernest 
Robertson Buckley, Ph. D., Assistant Geologist Wisconsin Geological 
and Natural History Survey. 1898. Pp. xxvi, 544; 69 plates, of which 
7 are colored, and 1 map; 4 figures in the text. Sent on receipt of 30c. 
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Bulletin No. V. Educational Series No. 1. 


The Geography of the Region About Devil’s Lake and the Dalles of the- 
Wisconsin, with some notes on its surface geology. Rollin D. Salisbury, 
A. M., Professor of Geographic Geology, University of Chicago, and Wal-- 
lace W. Atwood, B. S., Assistant in Geology, University of Chicago. 1900. 
Pp. x, 151; 88 plates; 47 figures in the text. Out of print. 


Bulletin No. VI. Economic Series No. 8. Second Edition. 


Preliminary Report on the Copper-Bearing Rocks of Douglas county, 
and parts of Washburn and Bayfield Counties, Wisconsin. Ulysses: 
Sherman Grant, Ph. D., Professor of Geology, Northwestern University. 
1901. Pp. vi, 83; 13 plates. Sent on receipt of 10c. 


Bulletin No. VII. Economic Series No. 4. 


The Clays and Clay Industries of Wisconsin. Part I. Ernest Robert-- 
son Buckley, Ph. D., Geologist, Wisconsin Geological and Natural 
History Survey. 1901. Pp. xii, 304; 55 plates. Sent on receipt of 20c. 


Bulletin No. VIII. Educational Series No. 2. 


The Lakes of Southeastern Wisconsin. N. M. Fenneman, Ph. D., Pro-- 
fessor of General and Geographic Geology, University of Wisconsin. 
1902. Pp. xv, 178; 36 plates, 38 figures in the text. Owt of print. A 
second edition is in press. 


Bulletin No. IX. Economic Series No. 5. 


Preliminary Report on the Lead and Zinc Deposits of Southwestern 
Wisconsin. Ulysses Sherman Grant, Ph. D., Professor of Geology, 
Northwestern University. 1903. Pp. viii, 103; 2 maps, 2 plates, 8 
figures in the text. Owt of print. 


Bulletin No. X. Economic Series No. 6. 


Highway Construction in Wisconsin. Ernest Robertson Buckley, Ph. D., 
State Geologist of Missouri, formerly Geologist, Wisconsin Geological 
and Natural History Survey. 1903. Pp. xvi, 339; 106 plates, including 
26 maps of cities. Sent on receipt of 30 cents. 


Bulletin No. XI. Economic Series No. 7. Second Hdition. 


Preliminary Report on the Soils and Agricultural Conditions of North 
Central Wisconsin. Samuel Weidman, Ph. D., Geologist, Wisconsin 
Geological and Natural History Survey. 19038. Pp. viii, 67; 10 plates, 
including soil map. Second edition, 1908. Sent, paper bound, on re-- 
ceipt of 10 cents; cloth bound, 20 cents. 


Bulletin No. XII. Scientific Series No. 3. 


The Plankton of Lake Winnebago and Green Lake. C. Dwight Marsh, 
Ph. D., Profegsor of Biology, Ripon College. 1903. Pp. vi, 94; 22 
plates. Sent, paper bound, on receipt of 10 cents. 


! Bulletin No. XIII. Economic Series No. 8. 


The Baraboo Iron-bearing District of Wisconsin. Samuel Weidman, 
Ph. D., Geologist, Wisconsin Geological and Natural History Survey. 
1904. Pp. x, 190; 23 plates, including geological map. Sent, paper 
bound, on receipt of 10 cents. 
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Bulletin No. XIV. Economic Series No. 9. 


Report on Lead and Zine Deposits of Wisconsin. Ulysses Sherman 
-Grant, Ph. D., Professor of Geology, Northwestern University. 1906. -4 
Pp. ix, 100; 8 plates; 10 figures in the text; and an atlas containing 18 . 
-maps. Sent on receipt of 20 cents. * = 


Bulletin No. XV. Economic Series No. 10. : 

; Ve 

The Clays of Wisconsin and Their Uses. Heinrich Ries, Ph. D., 
Assistant Professor of Economic Geology, Cornell University. 1906. 
Pp. xii, 259; 30 plates, including 2 maps; 7-figures in text. Sent on re- 
~ceipt of 18 cents. : 


Bulletin No. XVI. Scientific Serves No. 4. 


The Geology of North Central Wisconsin. Samuel Weidman, Ph. D., 
~Geologist, Wisconsin Geological and Natural History Survey. Pp. xxxi, 
697; 86 plates, including 2 maps: 38 figures in the text. 1907. Sent on 
receipt of 40 cents. 


Bulletin No. XVII. Scientific Series No. 5. 


The Abandoned Shore-lines of Eastern Wisconsin. J. W. Goldthwait, 
Ph. D., Assistant Professor of Geology, Northwestern University. Pp. 
x, 134; 38 plates; 37 figures in the text. 1907. Sent on receipt of 15 
cents. K 


Bulletin No. AVGI. Economic Series No. 11. 


Rural Highways of Wisconsin. W. O. Hotchkiss, B. S.. Instructorin — 
Geology, University of Wisconsin; in charge of Economic Geology, Wis- 
consin Geological and Natural History Survey. 1906. Pp. xiv, 135; 16 

~plates; 2 figures in the text. Sent on receipt of 10 cents. 


Bulletin No. XIX. Economic Series No. 12. 


Zine and Lead Deposits of the Upper Mississippi Valley. H. Foster 
Bain. Director of State Geological Survey of Illinois. Washington, 
D. C. 1907. Pp. xii, 155; 9 plates, including 5 maps; 45 figures in the 
text. Sent on receipt of 6 cts. tt 

This bulletin is a reprint of Bulletin No. 294 of the United States 
Geological Survey. Only a small number of copies were reprinted for 
local use. It has not been sent out to libraries and exchanges. 


Bulletin No. XX. Economic Series No. 18. 


The Water Powers of Wisconsin. L. S. Smith, C. E.; Engineer Wisgon- 
sin Geological and Natural History Survey; Engineer U. S. Geological 
Survey. Pp. xvi, 354; 54 plates: 17 figures in the text. 1908. Sent on 
receipt of 25 cents. : 


2. Roap PAMPHLETS. 


Read Pamphlet No. 1. 


Earth Roads. Arthur R. Hirst. B. S.. Highway Engineer, Wisconsin 
“Geological and Natural History Survey. Pp. 26; 13 figures. Sent on 
receipt of 2c postage. 
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Road Pamphlet No. 2. 


The Earth Road Drag. Arthur R. Hirst, B. S. Hi i 
; : : Pi 2 yeas ghway Engineer, . 
Wisconsin Geological and Natural History Survey. Pp. 16; 4 Goce 


Sent on receipt of 2c postage. 


Road Pamphlet No, 3. 


Stone and Gravel Roads. Arthur R. Hirst, B. 9. Highway Engineer, . 
Wisconsin Geological and Natural History Survey. Leia). cay lal figures. 
Sent on receipt of 2c postage. 


Road Pamphlet No. 4. 


Culverts and Bridges. Arthur R. Hirst, B. S. Highway Engineer,. 
Wisconsin Geological and Natural History Survey. Pp. 47; 16 figures. 
Sent on receipts of 2c postage. 


2. BIENNIAL REpPorRTS. 


The Survey has published six biennial reports, which relate to admin-- 
istrative affairs only and contain no scientific matter. 

First Biennial Report of the Commissioners of the Geological ana 
Natural History Survey. 1899. Pp. 31. 

Second Biennial Report of the Commissioners of the Geological and 
Natural History Survey. 1901. Pp. 44. 

Third Biennial Report of the Commissioners of the Geological and 
Natural History Survey. 1903. Pp. 35. 

Fourth Biennial Report of the Commissioners of the Geological and’ 
Natural History Survey. 1904. Pp. 42. 

Fifth Biennial Report of the Commissioners of the Geological and’ 
Natural History Survey. 1907. Pp. 45. 

Sixth Biennial Report of the Commissioners of the Geological and’ 
Natural History Survey. 1909. Pp. 45. 


4. HYDROGRAPHIC MAPs. 


There have been prepared hydrographic maps of the principal lakes- 
of southern and eastern Wisconsin. This work is in charge of L. S. 
Smith, C. E., Associate Professor of Topographic and Geodetic Engineer- 
ing, University of Wisconsin. 

The maps are as follows: 


Size of Seale. |Contour. 

Plate. Inches | Inter- 

Inches. per mile.|val, feet. 
No. 1 Lake Geneva 8 2 | 10 
No. 2.) Elkhart Lake 5.5x13.1 |) alt) 
No. 3.| Lake Beulah....... 22.5x20.0 | 6 | 10 
No. 4 Oconomowoc-Waukesha Lakes ................ 29.8x19.1 | i 10 
No. 5.| The Chain of Lakes. Waupaca..........-......| 21.7x20.6 6 | 10 
No. 6. Delavan and Lauderdale Lakes................) 22.5x16.8 4 } 10 
My GNCCT LAKE. 15 ce cc eee de cnc vere cc ne cee ncet eens | 26.0x17.8 3.2 20 
aeons Nc IVT CLM Urchioe sate ciate ote =\op212i ios 2celoia atsicin ey ojoria s/s 9\m'0\ | 23.7x19.5 6 a 
rms 1, OOO AT VIC) a cicoectcte wale + .nin'a'e\enre # inieivie-ninicices | 18.0x13.5 2.9 10 
No. 10. | OU RRE SLO INOU As orn ee Hees tO a al2/s0'-(> o'ol.0 a elmafeisnaies'ane L £f26x17e3 4 5 
nw 


In all of these maps the depth of the lakes is indicated by contour 
lines, and by tints in all except No. 1. They are sent on receipt of 10 
cents each except Nos. 4 and 8, for which 15 cents are required. They 
may be had either mounted in a manilla cover, or unmounted. 

All correspondence relating to the survey should be addressed to 

E. A. Brree, Director, 
Madison, Wis. 


